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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including tine fee set 
forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submissions filed on August 
29, 2008 and September 19, 2008 have been entered. 

Response to Amendment 

2. The affidavit filed on August 29, 2008 under 37 CFR 1.131 is sufficient to 
overcome the Kudelka (US 6,566,273) reference. 

3. Applicant's arguments, see page 12, filed August 29, 2008, with respect to the 
certified copy of an English language translation of the priority document have been fully 
considered together with the submission on September 19, 2008 and are persuasive. 
The rejection under 35 U.S.C. 102 being anticipated by Kudelka (US 6,566,273) has 
been withdrawn. 

Drawings 

4. The drawings are objected to because the graph in figure 8 is labeled in German. 
Corrected drawing sheets in compliance with 37 CFR 1 .121(d) are required in reply to 
the Office action to avoid abandonment of the application. Any amended replacement 
drawing sheet should include all of the figures appearing on the immediate prior version 
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of the sheet, even if only one figure is being amended. The figure or figure number of an 
amended drawing should not be labeled as "amended." If a drawing figure is to be 
canceled, the appropriate figure must be removed from the replacement sheet, and 
where necessary, the remaining figures must be renumbered and appropriate changes 
made to the brief description of the several views of the drawings for consistency. 
Additional replacement sheets may be necessary to show the renumbering of the 
remaining figures. Each drawing sheet submitted after the filing date of an application 
must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 
pursuant to 37 CFR 1.121 (d). If the changes are not accepted by the examiner, the 
applicant will be notified and informed of any required corrective action in the next Office 
action. The objection to the drawings will not be held in abeyance. 

Specification 
Claim Objections 

5. Claims 1,21, 22, 28, 30, and 41 are objected to because of the following 
informalities: 

In Claims 1,21, and 28, the wording of the claims makes it unclear as to whether 
the defining of the grid on the surface of the substrate and the selection of areas within 
the grid can be accomplished simultaneously. The specification suggests that both the 
defining of the grid and the selection of grid rectangles can occur simultaneously. In 
paragraph 0052 in the specification, the structure of the substrate is described with 
reference to a grid. However, no grid is defined in the preferred embodiment in 
paragraph 0059 except using a mark to align a mask with openings that select areas. 
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Thus, in the preferred embodiment, the defining and the selection steps occur 
simultaneously. The examiner Interprets the claims so that the defining of the grid and 
the selection of the areas can occur simultaneously. In line with the specification, the 
alignment of a mask with the proper openings Is sufficient to both define the grid and 
select areas within the grid. 

In Claim 1 , "sidewalls formed in a depth under the surface of a semiconductor 
substrate" could simply mean that an etched pattern has a bottom lower in depth as 
compared to the surface of the substrate and that sidewalls surround the bottom. 
Alternatively, the term could mean that the etched patterns extend some distance non- 
vertically underneath the etched hole on the surface. The examiner suggests that this 
phrase be reworded. 

6. In Claims 21 and 28, it is unclear whether applicants mean to introduce an 
additional limitation by the use of the term "checker-board fashion." The grid on a 
checker board has grid rectangles that are all roughly equal in size and are squares. 
The examiner suggests that the nature of the phrase be more clearly indicated. 

7. In Claims 22 and 30, the examiner suggests a rewording of the phrase "the 
semiconductor substrate by means of an exposure device with the x, y axes of the 
surface grid parallel to the crystal faces" to clarify that the x, y axes are on the substrate 
and not on the exposure device. For the purposes of this rejection, the grid will be 
interpreted as being defined on the substrate rather than the exposure device. 

8. In Claim 41 , "the lower portions of the trenches structures extend beneath the 
secondary structure" should be modified. First, the examiner suggests that "trenches" 
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should be replaced with "trench's" or "trenches'." Second, the examiner suggests that 
the claim should be limited to trenches with lower sidewalls that extend non-vertically 
beneath the secondary structures. As written, the claim limitation includes any trench in 
which the bottom of the trench extends lower as compared to the surface of the 
substrate than the bottom of the access transistor does. 
Appropriate correction Is required. 

Claim Rejections - 35 USC §112 

9. The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

10. Claim 23 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The term "large structure" in claim 23 is a relative term which renders the claim 
indefinite. The term "large structure" is not defined by the claim, the specification does 
not provide a standard for ascertaining the requisite degree, and one of ordinary skill in 
the art would not be reasonably apprised of the scope of the invention. In addition, the 
structure referred to in the phrase "the large structure" in claim 23 is unclear because of 
lack of antecedent basis. 

Claim 23 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 
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Claim 23 recites the limitation "a layout of the large structure" in the first 
sentence. There is insufficient antecedent basis for this limitation in the claim. "The 
large structure" is not defined and could refer to the semiconductor substrate or to the 
entire mask including the edges of the mask. The examiner suggests that the phrase 
"a layout of the large structure" be deleted. 

1 1 . Claim 21 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 21 is rejected under 35 U.S.C. 112, second paragraph, as being 
incomplete for omitting essential elements, such omission amounting to a gap between 
the elements. See MPEP § 2172.01 . The omitted elements are: 

In Claim 21 , the definition of area in the phrase "area selective etching" is 
unclear. "Area selective etching" for increasing the size of the trench structures in a 
depth under the semiconductor surface could mean etching that is area selective in that 
it selects certain trenches and increase the width of those trenches some depth below 
the surface of the substrate without regard to whether the surface openings are 
simultaneously widened. The result could be two different types of trenches, one 
uniformly wider at all depths than the other. Or, the terms could also mean the use of 
etching to selective expand every trench. The expansion is such that the surface 
opening maintains its original shape with negligible expansion in its dimensions. For the 
purposes of the section 103 rejection, the term "area selective etching" will be given the 
second meaning. 
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In Claim 21 , the term "secondary structure" appears without reference to any 
structure described as a primary structure. Secondary structures could mean the bottle 
etching of a structure within the trenches after the openings in the substrate surface are 
protected, or secondary structures could mean the components other than trench 
capacitors typically need for DRAM cells. The specification fails to supply a clear 
definition, see paragraph 0013. 

12. Claim 44 is rejected under 35 U.S.C. 112, second paragraph, as being 
incomplete for omitting essential steps, such omission amounting to a gap between the 
steps. See MPEP § 21 72.01 . The omitted steps are: at least the using of a method of 
etching because "using a marking to orient a patterned mask" does not adequate 
"comprise" the etching of a substrate. For the purpose of the 1 03 rejection below, the 
claim will be treated as if it said "using a marking to orient a patterned mask." 

1 3. Claims 2-1 3 are indefinite because they directly or indirectly depend on indefinite 
claim 21. 

Claim Rejections - 35 USC § 103 

14. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or deschbed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
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were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

1 5. Claims 1 , 22, 23, and 27 are rejected under 35 U.S.C. 1 03(a) as obvious over 
Kudelka (US 2001/0016398) in viewof Yasue (JP 05-109984). 

1 6. With respect to claim 1 , Kudelka et al. (US 2001/001 6398) discloses a method of 
creating a trench In a monocrystalline silicon substrate. Kudelka, US 2001/0016398, 
paragraph 0012. This crystalline material has a crystal lattice with crystal faces that are 
more resistant to etching and with crystal faces that are less resistant to etching, 
Kudelka, US 2001/0016398, paragraph 0013. Monocrystalline silicon can also be used 
as a semiconductor. Kudelka, US 2001/0016398, paragraph 0012. 

Kudelka discloses selecting areas and etching a surface opening within selected 
areas. Kudelka, US 2001/0016398, paragraph 0035. The selected areas are regularly 
arranged with respect to crystal orientation. Kudelka, US 2001/0016398, paragraph 
0035, fig. 15, and fig. 16. Kudelka also teaches the step of etching sidewalls of the 
trench structures formed in a depth under the surface of the semiconductor substrate. 
Kudelka, US 2001/0016398, paragraph 0043. The etched pattern in Kudelka has a 
bottom lower than the surface level of the substrate and sidewalls surround the bottom. 
Kudelka, US 2001/0016398, fig. 8. Also, the etched patterns in Kudelka extends 
horizontally underneath the surface of the substrate. Kudelka, US 2001/0016398, fig. 8. 
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The process of etching these sidewalls proceeds by etching crystal faces so as 
to expand the sidewalls underneath the regularly arranged selected areas. Kudelka, US 
2001/0016398, paragraph 0044, fig. 15, and fig. 16. 

Administrative notice is taken that a person of ordinary skill in the art at the time 
of the invention would know that an array of rectangles that are not squares can form a 
rectangular grid. The steps of defining a grid and selecting areas within the grid can 
occur simultaneously by means of a patterned mask aligned with respect to crystal 
orientation, see first paragraph under the heading "Claim Objections" above. To 
phrase it differently, a grid can be defined on a surface by laying out some physical 
pattern other than a physical pattern composed of a plurality of lines with lengths 
substantially greater than widths that run parallel and perpendicular to each other. 
Thus, a patterned mask can define a grid. By means of lithographic techniques, 
Kudelka discloses a step of defining at the surface of the semiconductor substrate a 
regular arrayed mask layer which selects etching areas that would fit into rectangular 
surface grid. Kudelka, US 2001/0016398, paragraph 0035, fig. 15, and fig. 16. 
Kudelka selects areas with reference to the <110> crystal orientation. Kudelka, US 
2001/0016398, fig. 15 and fig. 16. 

Although Kudelka defines a grid with respect to the <1 10> orientation, Kudelka 
does not contain the step of defining a grid with respect to the <100> crystal orientation. 
Yasue (JP 05-109984) discloses the application of a mask oriented by a marking so that 
the openings of the mask align with the <100> crystal orientation of the substrate. 
Yasue, JP 05109984, paragraph 0051 and drawings 6 and 10. Yasue teaches the 
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alignment of a mask with reference to the <100> crystal orientation to make oxide films 
more uniform. Yasue, JP 05-100984, paragraph 0048. The holes in the mask and the 
resulting trenches select areas that would fit into a rectangular surface grid parallel to 
the <100> crystal orientation. Yasue, JP 05109984, paragraph 0051 and drawings 6 
and 10. Administrative notice is taken that a person of ordinary skill in the art at the 
time of the invention would know that two axes created at right angles from one another 
with reference to a two-dimensional surface are frequently referred to in the art as one 
X-axis and one y-axis. 

Yasue also discloses the creation of a physical rectangular surface grid on a 
silicon substrate. Yasue, JP 05-109984, paragraph 0038. This grid identifies the <1 10> 
crystal orientation (faces). Yasue, JP 05-109984, paragraphs 0038 and 0046. The 
physical creation of the grid precedes the selection of certain grid squares for etching of 
trenches. Yasue, JP 05109984, paragraph 0046 and drawing 6. 

1 7. It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka in view of Yasue by defining a grid with respect 
to the <100> crystal orientation because such orientation helps make oxide films more 
uniform. 

18. With respect to claim 22, Kudelka discloses the use of an exposure device to 
image a trench structure onto the surface of the semiconductor substrate. Kudelka, US 
2001/0016398, paragraph 0035. 

1 9. With respect to claim 27, Kudelka teaches etching a surface opening of the 
trench with oval cross section. Kudelka, US 2001/0016398, paragraph 0052 and fig. 14. 
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These surface openings can later be expanded. Kudelka, US 2001/0016398, paragrapli 
0053. 

20. With respect to claim 23, Kudelka does not disclose the use of a mask having 
rectangular mask openings. Kudelka teaches that the use of wet etching to create 
rectangular portions of trenches creates a smoother surface than conventional methods 
of etching do. Kudelka, 2001/0016398, paragraph 0013. Administrative notice is taken 
that a person of ordinary skill in the art at the time of the invention would know that a 
square is a type of rectangle. Yasue teaches the use of a mask with rectangular 
openings whose sides are parallel with the <100> crystal orientation, a crystal 
orientation of the semiconductor substrate that is less resistant to etching. Yasue, JP 
05-109984, paragraph 0051 and drawing 10. Imaging is performed after the application 
of the mask. Yasue, JP 05-109984, paragraph 0051 . It would have been obvious to 
one of ordinary skill in the art at the time the invention was made to modify Kudelka in 
view of Yasue by the creation rectangular surface openings because the use of wet 
etching to create rectangular portions of trenches leads to smoother surfaces than result 
from conventional methods of etching. 

21 . Claims 24, 25, and 26 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Kudelka and Yasue as applied to claim 1 above, and further in view 
of Endoh et al. (US 7,141 ,506 B2). 

Kudelka fails to disclose the creation of a marking identifying a crystal orientation 
on the substrate. Endoh et al. (US 7,141 ,506 B2) teaches the creation of a mark to 
increase the accuracy of the alignment between the crystal lattice of the substrate and a 
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photomask. Endoh, US 7141506 B2, col. 2, line 17. Endoh discloses a process in 
which a semiconductor substrate, in particular a substrate composed of silicon in wafer 
form, is marked with reference to the crystal orientation <100>. Endoh, 7141506 B2, col. 
5, line 22 and col. 6, line 46. This marking identifies a crystal orientation of the crystal 
lattice. Endoh, 7141506 B2, col. 10, line 28. The crystal face whose orientation is 
identified by the marking, crystal orientation <100>, is less resistant to etching. Endoh, 
7141506 82, col. 10, line 16. Endoh teaches that the marking can be used for orienting 
a photomask. Endoh, 7141506 82, col. 6, line 50. It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to modify Kudelka and Yasue 
in view of Endoh by creating a marking on the substrate in order to align a photomask 
because the creation of a mark increases the accuracy of the alignment between the 
crystal lattice of the substrate and the photomask. 

22. Claims 2, 7, 8, 11, 12, and 21 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kudelka (US 2001/0016398) in view of Sakao (US 2001/0050436). 

23. The limitations of claim 2 have been discussed above under Kudelka. (Please 
see paragraph 18.) 

24. The limitations of claim 7 have been discussed above under Kudelka. (Please 

see paragraph 19.) 

25. With respect to claims 8 and 21 , Kudelka et al. (US 2001/001 6398) discloses a 
method of creating a trench in a monocrystalline silicon substrate. Kudelka, US 
2001/0016398, paragraph 0012. This crystalline material has a crystal lattice with 
crystal faces that are more resistant to etching and with crystal faces that are less 
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resistant to etching, Kudelka, US 2001/0016398, paragraph 0013. Monocrystalline 
silicon can also be used as a semiconductor. Kudelka, US 2001/0016398, paragraph 
0012. Kudelka discloses selecting areas and etching a surface opening within selected 
areas. Kudelka, US 2001/0016398, paragraph 0035. The selected areas being regularly 
arranged with respect to crystal orientation. Kudelka, US 2001/0016398, paragraph 
0035, fig. 15, and fig. 16. 

Kudelka also teaches the step of performing area-selective etching to increase 
the structure size of the trench in a depth under the semiconductor's surface. Kudelka, 
US 2001/0016398, paragraph 0043. The etched patterns in Kudelka extends 
horizontally underneath the surface of the substrate into areas that initially were not 
chosen for the creation of surface openings. Kudelka, US 2001/0016398, fig. 8. When 
choosing the locations for the surface openings, Kudelka chooses areas with reference 
to the <110> crystal orientation. Kudelka, US 2001/0016398, fig. 15 and fig. 16. The 
process of etching proceeds by area-selective etching part of the trench walls to form 
new structures, the expansion occurring along the crystal faces that are less resistant to 
etching. Kudelka, US 2001/0016398, paragraph 0044, paragraph 0045 and fig. 8. 

Administrative notice is taken that a person of ordinary skill in the art at the time 
of the invention would know that two axes created at right angles from one another with 
reference to a two-dimensional surface are frequently referred to in the art as one x-axis 
and one y-axis. 

However, Kudelka does not illustrate an embodiment in which locations for the 
creation of surface openings are chosen in a "checker-board fashion." Sakao (US 
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2001/0050436) teaches a compact pattern of surface openings tliat reduces the amount 
of unused space within a DRAM cell. Sakao, US 2001/0050436, paragraphs 0021 and 
0022. In particular, Sakao discloses an arrangement of trench openings that shows an 
active selection of alternating grid rectangles in both the rows and the columns such 
that no two chosen areas are adjacent. Sakao, US 2001/0050436, fig. 2 and paragraph 
0080. Trench structures are formed in the chosen grid rectangles at the surface of the 
semiconductor substrate. Sakao, US 2001/0050436, paragraph 0081 . Sakao teaches 
that the distances between the surface openings can be equal. Sakao, US 
2001/0050436, paragraph 0068. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka in view of Sakao by using a compact cell layout 
because the layout reduces the amount of unused space with the DRAM cells. 

26. With respect to claim 1 1 , Kudelka (US 2001/0016398) provides the upper section 
of the trench structures (under the surface of the substrate but above a lower edge of a 
trench) with a protective layer that is resistant to etching. Kudelka, US 2001/0016398, 
paragraph 0048 and fig. 10. The protective layer resists the etching used to expand the 
lower portion of the trench. Kudelka, US 2001/0016398, fig. 7 and fig. 8 and paragraph 
0049. 

27. With respect to claim 12, Kudelka discloses that its trenches are designed so that 
they may be used as storage capacitors. Kudelka, US 2001/0016398, paragraph 0033. 
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28. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kudelka 
and Sakao as applied to claims 2 and 21 above, and further in view of Yasue (JP 05- 
109984). 

The limitations of claim 3 have been discussed above under Kudelka and Yasue. 

(Please see paragraph 20.) 

29. Claims 9 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kudelka and Sakao as applied to claims 8 and 21 above, and further in view of Yasue 
(JP 05-109984). 

Kudelka discloses that the <100> crystal faces are less resistant to etching than 
the <110> crystal faces. Kudelka, US 2001/0016398, paragraph 0044. 

Kudelka fails to teach a surface grid oriented in accordance with a <100> crystal 
orientation. The steps of defining a grid and selecting areas within the grid can occur 
simultaneously by means of a patterned mask aligned with respect to crystal orientation, 
see first paragraph under the heading "Claim Objections" above. Yasue teaches the 
alignment of a mask with the <100> crystal orientation to make oxide films more 
uniform. Yasue, JP 05-1 09984, paragraph 0048. In Yasue, the openings of the mask 
align with the <100> crystal orientation of the substrate. Yasue, JP 05-109984, 
drawings 6 and 10. Yasue teaches the creation holes in the mask and the resulting 
trenches would fit into a rectangular surface grid parallel to the <100> crystal 
orientation. Yasue, JP 05-109984, paragraph 0046 and drawings 6 and 10. Thus, 
Yasue teaches the creation of the grid for etching of trenches. Yasue, JP 05-1 09984, 
paragraph 0046 and drawing 6. 
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It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka and Sakao in view of Yasue by defining a grid 
with respect to the <100> crystal orientation because such orientation helps make oxide 
films more uniform. 

30. Claims 4, 5, and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kudelka and Sakao as applied to claim 21 above, and further in view of Endoh et 
al. (US 7,141,506 B2). 

The limitations of claims 4, 5, and 6 have been discussed above under Kudelka 
and Endoh. (Please see paragraph 21 .) 

31 . Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kudelka 
and Sakao as applied to claims 12 and 21 above, and further in view of Forster et al. 
(US 6,455,369). 

Unlike the current claims, Kudelka does not teach the use of selection 
transistors. Forster et al. (US 6,455,369) teaches trench capacitors with planar 
selection transistors to better use the third dimension and to enable the creation of 
smaller capacitors. Forster, US 6455369, col. 1, lines 22 and 34. Forster discloses the 
creation of multiple trenches. Forster, US 6455369, col. 10, line 63 and fig. 2A-2P. 
Selection transistors are formed on the surface of the substrate near a trench for use 
with the storage capacitances of the DRAM cells. Forster, US 6455369, col. 7, line 43 
and fig. 7. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka and Sakao in view of Forster by using planar 
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selection transistors with the trenches because trench capacitors with planar selection 
transistors make better use of the third dimension. 

32. Claims 28 and 35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kudelka (US 2001/0016398) in view of Sakao (US 2001/0050436). 

With respect to claim 28, Kudelka et al. (US 2001/0016398) discloses a method 
of creating a trench in a monocrystalline silicon substrate. Kudelka, US 2001/0016398, 
paragraph 0012. This crystalline material has a crystal lattice with crystal faces that are 
more resistant to etching and with crystal faces that are less resistant to etching, 
Kudelka, US 2001/0016398, paragraph 0013. Monocrystalline silicon can also be used 
as a semiconductor. Kudelka, US 2001/0016398, paragraph 0012. Kudelka discloses 
selecting areas and etching a surface opening within selected areas. Kudelka, US 
2001/0016398, paragraph 0035. The selected areas being regularly arranged with 
respect to crystal orientation. Kudelka, US 2001/0016398, paragraph 0035, fig. 15, and 
fig. 16. When selecting the locations for the surface openings, Kudelka selects areas 
with reference to the <1 10> crystal orientation. Kudelka, US 2001/0016398, fig. 15 and 
fig. 16. Kudelka discloses a structure that contains spaces that allow the placement of 
components near the surface of the substrate. Kudelka, US 2001/0016398, fig. 14 and 
fig. 16. 

Administrative notice is taken that a person of ordinary skill in the art at the time 
of the invention would know that two axes created at right angles from one another with 
reference to a two-dimensional surface are frequently referred to in the art as one x-axis 
and one y-axis. 
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However, Kudelka does not illustrate an embodiment in which locations for the 
creation of surface openings are chosen in a "checker-board fashion." Sakao (US 
2001/0050436) teaches a compact pattern of surface openings that reduces the amount 
of unused space within a DRAM cell. Sakao, US 2001/0050436, paragraphs 0021 and 
0022. In particular, Sakao discloses an arrangement of trench openings that shows an 
active selection of alternating grid rectangles in both the rows and the columns such 
that no two chosen areas are adjacent. Sakao, US 2001/0050436, fig. 2 and paragraph 
0080. Trench structures are formed in the chosen grid rectangles at the surface of the 
semiconductor substrate. Sakao, US 2001/0050436, paragraph 0081 . Sakao teaches 
that the distances between the surface openings can be equal. Sakao, US 
2001/0050436, paragraph 0068. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka in view of Sakao by using a compact cell layout 
because the layout reduces the amount of unused space with the DRAM cells. 

With respect to claim 35, Kudelka teaches etching a surface opening of the 
trench with oval cross section. Kudelka, US 2001/0016398, paragraph 0052 and fig. 14. 
33. Claim 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kudelka 
and Sakao as applied to claim 28 above, and further in view of Forster et al. (US 
6,455,369). 

The limitations of claim 29 have been discussed above under Kudelka and 
Forster. (Please see paragraph 31 .) 
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34. Claims 30 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kudelka and Sakao as applied to claim 28 above, and further in view of Yasue (JP 
05-109984). 

35. The limitations of claim 31 have been discussed above under Kudelka and 

Yasue. (Please see paragraph 20.) 

36. With respect to claim 30, Kudelka discloses the use of an exposure device to 
image a trench structure onto the surface of the semiconductor substrate. Kudelka, US 
2001/0016398, paragraph 0035. 

Kudelka discloses that the <100> crystal faces are less resistant to etching than 
the <110> crystal faces. Kudelka, US 2001/0016398, paragraph 0044. The steps of 
defining a grid and selecting areas within the grid can occur simultaneously by means of 
a patterned mask aligned with respect to crystal orientation, see first paragraph under 
the heading "Claim Objections" above. 

Although Kudelka defines a grid with respect to the <1 10> orientation, Kudelka 
does not contain the step of defining a grid with respect to the <100> crystal orientation. 
Yasue (JP 05-109984) discloses the application of a mask oriented by a marking so that 
the openings of the mask align with the <100> crystal orientation of the substrate. 
Yasue, JP 05109984, paragraph 0051 and drawings 6 and 10. Yasue teaches the 
alignment of a mask with reference to the <100> crystal orientation to make oxide films 
more uniform. Yasue, JP 05-100984, paragraph 0048. The holes in the mask and the 
resulting trenches select areas that would fit into a rectangular surface grid parallel to 
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the <100> crystal orientation. Yasue, JP 05109984, paragraph 0051 and drawings 6 
and 10. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Kudelka and Sakao in view of Yasue by defining a grid 
with respect to the <100> crystal orientation because such orientation helps make oxide 
films more uniform. 

37. Claims 32, 33 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kudelka and Sakao as applied to claim 28 above, and further in view of Endoh et 
al. (US 7141506 B2). 

The limitations of claims 32, 33 and 34 have been discussed above under 
Kudelka and Endoh. (Please see paragraph 21 .) 

38. Claims 36, 37, 38, and 39 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kudelka et al. (US 2001/0016398) in view of Wang et al. (US 
6,703,273). 

With respect to claim 36, Kudelka et al. (US 2001/0016398) discloses a method 
of creating a trench in a monocrystalline silicon substrate. Kudelka, US 2001/0016398, 
paragraph 0012. The silicon substrate has <100> crystal faces and <110> crystal 
faces. Kudelka, US 2001/0016398, paragraph 0054. Kudelka discloses selecting areas 
and etching a surface opening within selected areas. Kudelka, US 2001/0016398, 
paragraph 0035. The selected areas being regularly arranged with respect to crystal 
orientation. Kudelka, US 2001/0016398, paragraph 0035, fig. 15, and fig. 16. Kudelka 
discloses a method of etching the substrate to form upper portions of the trench 
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structures, forming a protective layer over the upper portions of the trench structures, 
and etching the semiconductor substrate to form lower portions of the trench structures 
beneath and wider than the upper portions. Kudelka, US 2001/0016398, paragraph 
0012. 

However, Kudelka does not disclose rows and columns being parallel to <100> 
crystal faces. Wang et al. (US 6,703,273) discloses trench capacitors with compact 
rows and columns that minimize the size of the DRAM cells. Wang, US 6703273, col. 
5, line 66. Administrative notice is taken that a person of ordinary skill in the art at the 
time of the invention would know that for monocrystalline silicon with a <1 00> crystal 
orientation, a <100> plane runs diagonally at a 45 degree angle across the substrate. 
See, e.g., Trah, US 5282926, fig. la; Endoh, US 7141506, figs. 14(b) and 15(a). 
Memory devices that are composed of DRAM cells frequently place the trench 
capacitors in rows and columns. Wang teaches trench capacitors on a monocrystalline 
substrate with a <100> crystal orientation. Wang, US6703273, col. 3, line 14. 

Figure 1A in Wang shows rows and columns parallel to the <100> crystal faces. 
Wang, US 6703273, fig. 1 A. Supposing that the drawing currently shows rows and 
columns parallel to the <110> crystal orientation, rotating the substrate by 45 degrees 
will create rows and columns parallel to the <100> crystal orientation because of the 
<100> planes running diagonally across the substrate. This is true because holes in the 
substrate are in a formation such that that lines connecting the centers of the holes form 
squares and because the holes in the substrate are small relative to the distance 
between them. 
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It would have been obvious to one of ordinary skill in the art at the time of the 
invention was made to modify Kudelka in view of Wang by creating compact rows and 
columns of DRAM cells because a compact pattern helps minimize the size of the 
DRAM cells. 

39. With respect to claim 37, Kudelka (US 2001/0016398) teaches etching a surface 
opening of the trench with oval cross section. Kudelka, US 2001/0016398, paragraph 
0052 and fig. 14. 

40. With respect to claim 38, Kudelka discloses trenches whose lower portions have 
substantially rectangular shape with sides parallel to the <1 10> crystal face. Kudelka, 
US 2001/016398, paragraph 0013 and fig. 16. 

41 . With respect to claim 39, Kudelka discloses that its trenches are designed so that 
they may be used as storage capacitors. Kudelka, US 2001/0016398, paragraph 0033. 

42. Claims 40 and 41 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kudelka and Wang as applied to claim 36 above, and further in view of Forbes et 
al. (US 5,907,170). 

Kudelka does not disclose the creation of a plurality of capacitors with access 
transistors. Forbes et al. (US 5,907,170) discloses the use of capacitors with access 
transistors to create a realizable memory cell that uses less surface area. Forbes, US 
59071 70, col. 2, line 53. Forbes discloses a method of creating a plurality of capacitors 
in rows and columns on a monocrystalline substrate. Forbes, US 5907170, 
col. 6, line 19 and fig. 3. Each capacitor is associated with a trench structure. Forbes, 
US 5907170, fig. 3. The capacitors use access transistors that are functionally 
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coupled to one of the capacitors. Forbes, US 5907170, col. 2, line 57. Forbes 
discloses that a capacitor plate was formed in the lower portions of the trench structure, 
the plate being beneath the access transistors. Forbes, US 5907170, col. 6, line 42; 
col. 8, line 57; and fig. 3. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention was made to modify Kudelka and Wang in view of Forbes by creating 
capacitors with access transistors because such capacitors use less surface area. 
43. Claims 42, 43, and 44 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Kudelka and Wang as applied to claim 36 above, and further in view 
of Endoh et al. (US 7,141 ,506 B2). 

The limitations of claims 42, 43 and 44 have been discussed above under 
Kudelka and Endoh. (Please see paragraph 21 .) 

Response to Arguments 

Applicant's arguments with respect to claims 1-13, 21-44 have been considered 
but are moot in view of the new ground(s) of rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Binh X. Iran whose telephone number is (571)272- 
1469. The examiner can normally be reached on Monday-Thursday and every other 
Friday. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on (571) 272-1465. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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